Summary of | CCR Source Work G oup Meeting
April 30, 1998
Reci procating I nternal Conbustion Engi nes W5 Meeti ng

Pur pose

The main objectives of the neeting were the foll ow ng:

. Revi ew goal s, work activities, and nenbershi p of subgroups
and ad- hoc groups
. Recei ve an update on testing issues, including draft work

order for catal yst vendor and highlights of neeting with EPA
testing contractor

. Recei ve an update on P2; including status of GCP Subgroup
and any new reconmendations fromthe CC
. Devel op prelimnary nodel engines for above-the-floor cost

ef fecti veness esti mates

1. Locati on and Date

The neeting was organi zed by the Environnmental Protection
Agency (EPA) and was held at the Engi nes and Energy Conversion
Laboratory at Colorado State University in Fort Collins,

Col orado. The neeting took place on April 30, 1998.

[11. Attendees

Meeting attendees included representatives of the QAQPS
Em ssion Standards Division, trade associ ations, universities,
and state agencies. A conplete list of attendees, with their
affiliations, is included as Attachnent 1|.

V. Summary of Meeting

The neeting consisted of discussions between W5 nenbers on
sel ected issues which are listed below. The order of the neeting
foll owed the agenda provided in Attachnent 11. A bullet point
summary of the neeting is presented as Attachnent [11.

The topics of discussion included the foll ow ng:

. Report on CC Meeti ng
. Presentati on and di scussi on of Popul ati on Subgroup’s



findings on the prelimnary MACT floor for landfill and
di gester gas

. Update on pollution prevention activities

. Revi ew of subgroups and ad-hoc groups

. Update on testing issues

. Presentation on cost cal culations for add-on controls

. Presentation on cost/benefit analysis for above-the-fl oor
MACT

. Presentation of strawman nodel engines and devel opnent of
prelim nary nodel engines

. Usage and size cutoffs for subcategorization

. SCR for HAP reduction

. Next meeting issues

Report on CC Meeting

Vi ck Newsom gave a brief synopsis of the April 28-29 CC
Meeting. A copy of the CC Meeting flash mnutes is avail able on
the TTN.

. One inportant note is that EPA would like to consider the
perspectives of CC and WG nenbers in deciding whether to
renew the FACA charter; the current charter expires
Septenber 16, 1998. [Since the neeting, EPA has determ ned
that the charter was initially activated on Septenber 6,
1997; therefore the charter will actually expire on
Septenber 6, 1998.] EPA indicated that CC and WG nenbers
Wl be contacted individually for their feedback. Jan
Connery wi Il be contacting nenbers of the RICE W5 by
tel ephone in May to get feedback fromthe group.

Presentati on and D scussion of Popul ati on Subgroup’s Fi ndi ngs on
the Prelimnary MACT Floor for Landfill and Di gester Gas

Brahi m Ri chani nade a presentation regarding the prelimnary
MACT floor for Landfill/Di gester Gas. The data show that the
MACT floor is “air injection” as an add-on control device. This
presentation is included as Attachnent |1V. The discussion
i ncluded the follow ng topics:

. Ed Whel ess of L. A County Sanitation Districts and Ed Repa
of NSWVA stated that the application of air injection as an
add-on control device to landfill gas fired engines is

unique; it was used to replace an NSCR catal yst which | asted
for only a few days, and was neant to be a tenporary fix.

2



This technol ogy was primarily designed for NOx reduction.

Ed Whel ess indicated that the RI CE Popul ati on Dat abase is
not representative of the total popul ation of engines firing
landfill or digester gas. He has a database of 350 engi nes
firing these fuels located at 89 facilities. Ten of these
engines are rich burn units. These are the sanme ten engines
with the air injection technology identified in the RICE
Popul ati on Dat abase, They represent 2.8% of Ed Wel ess’

dat abase, which does not reflect a floor. Ed Weless wll
provi de Al pha-Gamma with a copy of his database.

Don Price stated that these engines are |located in the Bay
Area District, and according to the District, this engine
control technol ogy has not been very successful. These

engi nes have had several violations. It is probable that
the state will not permt any other sites to utilize this
type of control technol ogy.

Jay Martin pointed out that the Small Engi ne business has

| ooked into the air punp (air injection) as a control device
for criteria pollutants (primarily NOx), and it has been
denonstrated that this is not a successful control technique
for these pollutants.

Even though air injection may reduce HAPs, burning the fuel
at ultra rich conditions would potentially increase HAPs
initially, so the net result is essentially zero.

These engi nes represent a special case, and achievability
woul d be difficult to denonstrate.

Bob Stachow cz nentioned that flaring, representing 2% of
the controls for Landfill/Di gester Gas, is not actually a
control device for engines. Flaring is a separate control
technology and is usually used in parallel, or as a backup,
to an IC engine. These 2% w || be relegated to the
“nonsense” control category in the Popul ati on Database by

Al pha- Ganma.

Consensus for the prelimnary MACT floor for the
Landfill/ D gester Gas subcategory is no add-on controls.
Reasoning for this decision will be docunented in the MACT
Fl oor Rationale. Bryan WIllson wll conpose an engi neering
summary to be included in the rationale explaining why this
technol ogy theoretically woul d not reduce HAPs.

Update on Pol lution Prevention Activities

The general discussion included the follow ng topics:
Don Dowdall is currently working on a Good Conbustion

Practices Docunent. It is based on mai nt enance manual s
provi ded by engi ne manufacturers. As soon as it is reviewed
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by the Pollution Prevention Subgroup, Don Dowdal |l w ||
forward it to the RICE W&

. Don Price has provided exanples of what state regul atory
agenci es require fromengi ne operators regardi ng good
operating practices to Don Dowdall. Don Dowdall w Il add
this information to the Good Conbustion Practices Docunent.

. Much of the suggested good conbustion practices should be

determ ned by the user, and should not give specifics such
as a mandat ory mai nt enance schedul e, since the user can
adjust for local conditions and ot her paraneters the
manuf act urer di d not consider.

. Sam Cl owney suggested that nore data on good conbustion
practices could be added to the Good Conbustion Practices
Docunent once the engine testing programis conplete.

. Mke MIliet stated that for two stroke |ean burn engines, a
“beta analysis” is often perfornmed in lieu of testing, which
checks the pressure bal ance between the cylinders. It is

consi dered preventative nmai ntenance and is perfornmed two to
four times a year. He suggested adding this type of
anal ysis to the Good Conbustion Practices Docunent.

. A Pol lution Prevention Subgroup was forned to address the
i ssues of GCPs, operator training, and work practices as a
MACT floor. This will be headed by Don Dowdal |, and w ||
include Bill Heater, Jay Martin, Don Price, and Sam C owney
as nenbers. Their goal is to provide a white paper to the
CC regardi ng these issues.

Revi ew of Subgroups and Ad-hoc G oups
Amanda Agnew handed out a summary of Subgroups, Ad-Hoc

G oups, and Assigned Tasks. This is included as Attachnent V. A
summary of the revisions to these subgroups is provided bel ow.

Popul ati on Subgroup - TASK COMPLETE

The Popul ati on Subgroup worked on prelimnary MACT fl oor
i ssues that deal with population data. It was decided that the
Popul ati on Subgroup has conpleted its activities. This subgroup
has been term nat ed.
Em ssi ons Subgroup

The Em ssions Subgroup is working on MACT issues related to
em ssions. The Subgroup’s tasks:

. Revi ew em ssions test data gathered in | CCR dat abase
. Develop list of pollutants and correspondi ng test methods
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. Develop a test plan for future I C engi nes em ssions testing.

Rati onal e and docunentati on of each deci sion should be
perfornmed for each task.

Em ssi ons Subgroup Menbers include Sam C owney as Chair,
Amanda Agnew, M chael Horowitz, Darrell Bowen, Jorge Torres, Don
Dowdal |, Bill Heater, Bill Passie, Don Price, Bob Stachow cz, Ed
Torres, Eric Farrington, Brian Quil, Jay Martin, and Bryan WII son.

The RICE Wrk G oup has six ad-hoc groups to address specific
i ssues:

D esel Ad-Hoc G oup - TASK COVPLETE

The Di esel Ad-Hoc Group reviewed the avail able options for
selection of a diesel unit for testing. It was decided that the
D esel Ad-Hoc Group has conpleted its activities. This ad-hoc
group has been term nated.

Testing Ad-Hoc G oup

The Testing Ad-Hoc G oup will work on the remaining issues
related to em ssions testing and coordinate with the EPA contractor
for testing. Rationale and docunentation of each decision should
be perforned for each task. Bryan Wllson will |ead the group.
Amanda Agnew, Bob Stachow cz, Jay Martin, Sam C owney, Don Dowdal |,
and Darrell Bowen will be nenbers of the group.

O her Fuel s Ad-Hoc G oup

The Ot her Fuels Ad-Hoc Goup will |ook at the engi nes and
fuels not covered by the test plan. The group will review the
avai |l abl e popul ati on and emi ssions information on those engi nes and
report back to the Em ssions Subgroup on the adequacy of the
avai l abl e data and the need for additional em ssions testing. The
group will also identify the prelimnary MACT floor for those
engi nes and fuels. Rationale and docunentation of each deci sion
shoul d be performed for each task. Ed Torres will |ead the group.
Jay Martin, Mke Horowitz and Don Price will be nenbers of the

gr oup.
Above the Floor Ad-Hoc G oup
The Above the Floor Ad-Hoc Goup will review issues

identified by the RICE Wrk G oup to nove fromthe MACT fl oor and
test plan to a MACT standard for RICE. Those issues are:
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. Define prelimnary subcategories (froman em ssions
st andpoi nt)

. Identify applicable control technol ogies

. Gat her cost information on controls

. Det erm ne size cutoffs

. Finalize definitions of standby, energency, and peaking
units

. Devel op nodel plants

. Det erm ne the popul ation of applicable units

. Performa cost/benefit analysis

. Esti mate national inpacts.

Rati onal e and docunentati on of each deci sion should be
perforned for each task

Sam Cowney will lead the group. Darrell Bowen, Ed Torres,
Bryan W1l son, Don Dowdal |, Amanda Agnew, M ke MIIliet, and Don
Price will be nenbers of the group.

New Source MACT Ad- Hoc G oup

The New Source MACT Ad-Hoc Group will review issues related
to devel oping a MACT standard for new sources, including
det erm ni ng subcategories. Rationale and docunentation of each
deci si on should be performed for each task. Bill Passie will |ead
the group. Jay Martin, Sam d owney, Bryan WIllson, Bill Walker,
Don Dowdal |, Mke Horowitz and M ke Brand will be nenbers of the

gr oup.
Schedul e Ad-Hoc Group

The Schedul e Ad-Hoc Group will review the schedul e and
timeline of the I CCR process, and will make sure the RICE W5 is on
track. Rationale and docunentation of each decision should be
perforned for each task. Amanda Agnew will |ead the group. Bil
Passie, Bryan WIIson, Sam C owney, Ed Torres, and Don Dowdal | wil|l
be nenbers of the group

Pol I ution Prevention (P2) Ad-Hoc G oup

The Pollution Prevention Ad-Hoc G oup will work on the
followi ng issues as related to MACT Fl oor and Above-the-Fl oor MACT

CGood conbustion practices

Conpl i ance nonitoring and recor dkeepi ng
Operator training

Wirk practices.

Rati onal e and docunentati on of each deci sion should be
perforned for each task



Don Dowdall will lead the group. Bill Heater, Sam d owney,
Don Price, and Jay Martin will be nenbers of the group.

Update on Testing |ssues

Bryan Wl lson briefly tal ked about testing issues, including
catal yst vendor selection and catal yst control efficiency. Major
poi nts included the foll ow ng:

Cat al yst Vendor Sel ection

. Two manufacturers have offered to provide catal ysts at
cost for the testing effort. These are Johnson-Matt hey
and Mratech. A Testing Subgroup tel econ concl uded that
nei t her manufacturer is particularly advant ageous, at
| east wth known paraneters, at this tinme; Johnson-Matthey
is a larger manufacturer, while Mratech is better known
for |l arge engine catal yst applications.

. Gas Research Institute and PRC International have agreed
to pay for the catalysts.

Cat al yst Control Efficiency

. Bot h manufacturers say that there is not a typical
catal yst nor a typical reduction. This nust be specified
by the RRCE Wa  The Testing Subgroup nust draft a witten
rationale for the selection of the catalyst’s reduction.

. Vi ck Newsom stated that Texas required 2 grans NOx per
bhp-hr for all engines greater than 499 hp in attai nnment
areas for rich and | ean burn engines. Typically there are
17 grams NOx per bhp-hr uncontrolled. [Per a latter
conversation with Vick, this efficiency works out to be
88% 1] Furthernore, the average catal yst purchased has an
80% reduction for NO.

. Don Price stated that for California, for the last 5 or 6
years the NOx reduction requirenment was 90% It recently
rose to 96% He recomends a 90% reduction for NSCR for
NOX .

. It was di scussed whether or not the RICE WG shoul d specify
t he hi ghest control efficiency possible for the catal ysts.
It was noted that the costs increase dramatically while
control efficiency percentages rise slowy; therefore,

there is a point of dimnishing returns. It may not be
cost efficient to specify the highest control efficiency
possi bl e.



. Bob Stachow cz stated that in his experience, catalyst
manuf acturers stated a percent reduction for CO and HC
al so. He suggested the WG stay focused on HAPs and | ook
at HC reducti on.

. M ke MIIliet suggested utilizing the Em ssions Database to
identify a | ocation where engines retrofitted with
catal ysts are installed, identify the required [imts, and
back calculate to get a reduction efficiency that these
engi nes need to neet.

. Jay Martin suggested that the change in efficiency is
based on catal yst volume and exhaust tenperature. It
woul d be ideal to investigate cost and conversion rate
t hrough the testing program

. Sam Cl owney agreed to contact SW Research for advice on
choosi ng a conversion efficiency.
. Drek Newt on suggested | ooking into state regul ati ons and

permts for HAPs for RICE. Brahim Ri chani stated that
this was already investigated, and there are no HAP
regul ations for RICE for any states at this tine.

. Bill Passie suggested a technol ogy based starting point
and a “ratcheting down,” or increase of efficiency, over
tinme.

Presentati on on Cost Cal cul ati ons for Add-on Controls

Jenni fer Snyder nmade a brief presentation regardi ng Cost
Cal cul ations for Add-on Controls. This presentation is included
as Attachnment VI. D scussion which followed included the topics
listed bel ow

. Concerns were rai sed about the estimation of costs by the
QAQPS Control Cost Manual and by vendor information. WG
menbers indicated that these estinmates appear to be | ower
than actual costs. WG nenbers were encouraged to submt
actual control device installation cost data to EPA

. WG nenbers inquired about the existence of alimt for
cost effectiveness (given in dollars per ton). M ke
Horowitz said that averages need to be reviewed, and that
there is not a set cutoff per source.

Presentation on Cost/Benefit Analysis for Above-the-Fl oor MACT
A presentation on Cost/Benefit Analysis for Above-the-
Fl oor MACT was presented by Jennifer Snyder. This is included as

Attachment VII. The follow ng were points of discussion:

. A concern was rai sed about the procedure for determ ning
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whi ch engines in the Popul ati on Database are |located in
maj or sour ces.

. Amanda Agnew wi |l look into Section 112(c)(6) regarding
area sources.

. Bi || Wal ker suggested that for New Source MACT, both area
and maj or sources should be revi ewed.

. It was suggested that the engine function (i.e., punp,
el ectric generation, or conpressor) be used in place of
SIC.

Presentation of Strawnman Mddel Engi nes and Devel opnent of
Prelim nary Mddel Engi nes

Sam Cl owney nmade a presentation entitled “Mdel Engi nes
Strawman Proposal.” This is included as Attachment VIII. It
i ncluded a chart of Mbdel Engi nes which was conpl eted during the
di scussion period. The attachnent presented here includes the
engi nes which were determ ned during the discussion period.
Al pha- Gamma provi ded a handout identifying the nost common
engines in the R CE Popul ati on Dat abase with the nodel engine
paraneters determ ned by the subgroup. This is included as
Attachment | X. Engine manufacturers are requested to review the
chosen engines, and fill in any remaining bl anks.

Usage and Size Cutoffs for Subcategorization

Al pha- Gamma handed out a sunmmary of energency generator
and size cutoff information. This is included as Attachnent X

. Vi ck Newsom suggested an em ssions cutoff rather than a HP
cutoff. He gave an exanple of a dehydrator having a one
ton per year limt on benzene em ssions.

SCR for HAP Reducti on

Al pha- Gamma provided the two journal articles regarding
SCR for HAP reduction which were referenced by Sienens. These
were provided for the WG nenbers’ review and background
information regarding the applicability of SCR to HAP control.
These articles are not available electronically; to obtain copies
of these two articles, contact Jennifer Snyder at 919-954-0033.
The references are:

1) Ludres, H, R Backes, and G Hut hwoyl from FEV
Mot orent echni k, and D. Ketcher, R W Horrocks, R G Hurley, and



R H Hamrerle from Ford Motor Co. An Urea Lean NOx Cat al yst
System for Light Duty D esel Vehicles. SAE Techni cal Paper
Series 952493. (ctober 16-19, 1995. Warrendale, PA

2) Huns, E., M Joisten, R Miller, R Sigling, and H
Spi el mann. I nnovative |lines of SCR catal ysis: NOx reduction for
stationary di esel engi ne exhaust gas and di oxi n abatenent for
waste incineration facilities. Catalysis Today 27 (1996) 29-34.
El sevier Science B.V. 1996.

Next Meeting |ssues

The next nmeeting will be held on Thursday, July 30, 1998.
It will be held at the Renai ssance Hotel in Long Beach, California.
This nmeeting is scheduled from8 a.m to 3 p.m

These m nutes represent an accurate description of matters

di scussed and concl usi ons reached and include a copy of all reports
recei ved, issued or approved at the April 30, 1998 neeting of the
Reci procating I nternal Conbustion Engines Wa  Amanda Agnew
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Tentative Agenda
Reciprocating Internal Combustion Engine Work Group
April 30, 1998 Work Group Meeting
Fort Collins, Colorado

8:00 — 8:15 Welcome, Mesting Goals and Agenda Review (A. Agnew and J. Connery)

MEETING GOALS:

1. Review Subgroups and Ad-Hoc Groups, including goals,
work activities, and membership

2. Update on testing issues, including draft work order for catalyst
vendor and highlights of meeting with EPA testing contractor

3. Update on P2 -- status of GCP Subgroup and any new recommendations
from the Coordinating Committee

4. Develop Prdliminary Model Units for the Above-the-Floor Cost-
Effectiveness Estimates

8:15-8:25 Report on the Coordinating Committee Meeting (V. Newsom)
8:25-8:45 Update on P2 Activities (D. Dowdall and S. Clowney)

8:45-9:05 Other Fuel MACT Floor Issues (Alpha-Gamma)

9:05-9:25 Review of Subgroups & Ad-Hoc Groups (A. Agnew)

9:25-9:35 BREAK

9:35-10:25 Update on Testing Issues (B. Wilson)

10:25-11:25 Tour of the Engine and Energy Conversion Laboratory (B. Wilson)
11:25—-Noon LUNCH

Noon—12:20 Presentation on Cost of Add-on Controls (Alpha-Gamma)
1. Breakdown of Cost Categories Considered
2. Anticipated source of information
3. Assumptions needed

12:20-1:00  Work Group Discussion of Cost-Effectiveness for Above-the-Floor MACT
(S. Clowney)

1:00-1:35 Presentation on the use of Modd Units & Criteriafor Development of Model Engines (results
from last mtg) (Alpha-Gamma)

1:35-1:45 BREAK
1:45-2:05 Presentation of Strawman Model Engines (S. Clowney)

2:05-2:50 Work Group Discussion of Strawman & Development of Preliminary Model Engines (S.
Clowney)

2:50 -- 3:00 Next Mesting and Flash Minutes (J. Connery and Alpha-Gamma)
3:00 ADJOURN
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Summary of ICCR Source Work Group Meeting, April 30, 1998
Internal Combustion EnginesWork Group M eeting
Engines and Energy Conversion Lab, Fort Collins, Colorado

Decisions

The preliminary MACT floor for the Landfill/Digester Gas subcategory is ho add-on
controls.

Next Meeting

The next meeting will be in Long Beach, Californiafollowing the CC Mesting, on July 30,
1998. It will be held in the Renaissance Long Beach Hotel. This meeting is scheduled
from 8 am. to 3 p.m.

Reservations for this hotel can be made by calling 562-437-5900 by June 26. To receive
the discount rate, mention the “EPA ICCR Mesting.”

Action Items

Other Fuels Subgroup: Obtain database of landfill gas engines from Ed Wheles of
LACSD.

Don Price: Research violations on landfill gas engines with air injection as a control
device.

Bryan Willson: Provide engineering writeup of rationale for inapplicability of air injection
to HAP control.

Alpha-Gamma Remove flaring from landfill gas engines (nonsense control device).

Don Dowdall: Provide Good Combustion Practices writeup to RICE WG.

Sam Clowney: Contact SW Research for catalyst specification advice.

Testing Subgroup: Conference call to decide on catalyst specifications.

RICE WG: Provide actual cost datato Alpha-Gamma regarding catalyst installation.
Alpha-Gamma: Write up a Preliminary MACT Foor Rationale.

EPA: Investigate the impact of 112(c)(6) regarding area sources.

EPA: Develop alist of subgroups, members, tasks and dates.

EPA: Write up the list of model engines developed by the RICE WG and circulate it for
completion.
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Landfill / Digester Gas
Preliminary MACT Floor

Presented to:
RICE WG
Fort Collins, Colorado

Presented by:
Brahim Richani
Alpha-Gamma Technologies, Inc.

April 30, 1998 :

Landfill / Digester Gas
Subcategory

* Representation in Population Database: 174 engines
» Controls summary:

— Alir injection 7% (10 engines)
— Staged combustion 2%
— Flaring 2%
— Gas scrubber 1%
— Miscellaneous 1%



Air Injection Control Procedure

* Reduces NO, by operating at 10% excess fuel
(ultra-rich firing)

* Reduces CO by injecting air into the exhaust
stream

— Reduction by oxidation: Introduces O, to an
exhaust stream at 1200 to 1300 F and 2% CO

— CO oxidizesto CO,
— Technologically similar to “ Smog Pump”

Conclusions

* Preliminary MACT Floor:
Air injection for ultra-rich burn engines firing
landfill or digester gas
« CAUTION:
— Equipment constructed in-house as atemporary
fix (not readily available equipment)
— Applicable to ultra-rich burn engines operating at
80 to 100% load

— AMSA Dataindicate more than 350 landfill and
digester gas engines with no add-on controls
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RICE WORK GROUP
Subgroups, Ad-Hoc Groups, and Assigned Tasks

The RICE Work Group hastwo Subgroups. Population and Emissions

The Population Subgroup isworking on preliminary MACT-floor issues that deal with
population data. The Subgroup’s tasks:

1. Review and enhance EPA population datafor 1C engines.
2. Use data to determine subcategories, control devices, model plants, and MACT

floor. Population Subgroup Members:

Mike Millet, Texaco, Chair

Amanda Agnew, EPA

Mike Horowitz, EPA, Office of General Counsel

Vick Newsom, Amoco

Sam Clowney, Tennessee Gas Pipeline

Randy Hamilton, Texas Natural Resource Conservation Commission (TNRCC)
Bill Walker, Alaska Department of Environmental Conservation

Bryan Wilson, Colorado State University

The Emissions Subgroup isworking on MACT issues related to emissions. The Subgroup’s

tasks:

1. Review emissions test data gathered in ICCR database.

2. Develop list of pollutants and corresponding test methods.

3. Develop atest plan for future |C engines emissions testing. Emissions
Subgroup Members:

Sam Clowney, Tennessee Gas Pipeline, Chair

Amanda Agnew, EPA

Michael Horowitz, EPA, Office of Genera Counsel

Darrell Bowen, CNG Transmission Corporation

Jorge Torres, Natural Gas Pipeline of America

Don Dowdall, Consultant to the Engine Manufacturers Association
Bill Heater, Cooper Energy Services

Bill Passie, Caterpillar, Inc.

Don Price, Ventura County Air Pollution Control District (California)
Bob Stachowicz, Waukesha Engine Division

Ed Torres, Orange County Sanitation District (California)

Eric Farrington, Metro Wastewater Reclamation District

Brian Quil, U.S. Naval Facilities Engineering Service Center

Jay Martin, University of Wisconsin-Madison

Bryan Willson, Colorado State University
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The RICE WORK Group has six Ad-Hoc groups to address specific issues.

Diesel Ad-Hoc Group - COMPLETE
The Diesal Ad-Hoc Group will review the available options for selection of a

diesdl unit for testing. Don Dowdall will lead the group. Bryan Willson,
Jay Martin, and Mike Brand or Bill Passie will be members of the group.

Testing Ad-Hoc Group
The Testing Ad-Hoc Group will work on the remaining issues related to

emissions testing and coordinate with the EPA contractor for testing.
Bryan Willson will lead the group. Amanda Agnew, Bob Stachowicz,
Jay Martin, Sam Clowney, Don Dowdall, and Darrell Bowen will be

members of the group.

Other Fuels Ad-Hoc Group
The Other Fuels Ad-Hoc Group will look at the engines and fuels not covered by the

test plan. The group will review the available population and emissions
information on those engines and report back to the Emissions  Subgroup on the
adequacy of the available data and the need for

additional emissionstesting. The group also will work with the

Population Subgroup on the preliminary MACT floor for those engines

and fuels. Ed Torreswill lead the group. Jay Martin will be a member of

the group.

Above the Floor Ad-Hoc Group
The Above the Floor Ad-Hoc Group will review issues identified by the RICE Work

Group to move from the MACT floor and test plan to aMACT standard for
RICE. Thoseissues are:
1. Define preliminary subcategories (from an emissions standpoint)
2. |dentify applicable control technologies
3. Gather cost information on controls
4. Develop mode plants Sam Clowney will lead the group. Darrell
Bowen, Ed Torres, Bryan Willson, Don Dowdall, Amanda Agnew,
and Don Price will be members of the group.

New Source MACT Ad-Hoc Group
The New Source MACT Ad-Hoc Group will review issues related to
developing a MACT standard for New Sources. Bill Passie will lead the

group.

Schedule Ad-Hoc Group
The Schedule Ad-Hoc Group will review schedule and time line of ICCR

process, make sure group is on track. Amanda Agnew will lead the group. Bill Passie, Bryan
Willson, Sam Clowney, Ed Torres, and Mike Millet will be members of the group.
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Control Device Cost
Effectiveness Calculations

Presented to:
RICE WG
Fort Collins, Colorado

Presented by:
Jennifer Snyder

Alpha-Gamma Technologies, Inc.

April 30, 1998

Control Costs

Utilize OAQPS Control Cost Manual
methodol ogy to determine:

o Total Capital Costs

» Total Annua Costs
» Cost Effectiveness

Vi - 1



Total Capital Cost Components and
Factors

» Total Capital Cost (TCC) =
Direct Costs (DC) + Indirect Costs (1C)

Direct Costs (DC): DC=PEC + DIC

— Purchased Equipment Costs (PEC)
* Control Device and auxiliary equipment (EC)
* Instrumentation (10% of EC)
» Sales Tax (3% of EC)
* Freight (5% of EC)
— Direct Installation Costs (DIC)
* Foundations and Supports (8% of PEC)
» Handling and Erection (14% of PEC)
* Electrical (4% of PEC)
* Piping (2% of PEC)
* Insulation for Ductwork (1% of PEC)
* Painting (1% of PEC)
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Indirect Costs (IC): IC=1IC+C

— Indirect Installation Costs (11C)
 Engineering (10% of PEC)
* Construction and Field Expenses (5% of PEC)
* Contractor Fees (10% of PEC)
 Start-up (2% of PEC)
* Performance Test (1% of PEC)
— Contingencies (C) (3% of PEC)
» Equipment Redesign and Modifications
* Cost Escalations
» Delaysin Startup

Tota Annua Cost Elements and
Factors

o Total Annual Cost (TAC) =
Direct Annual Costs (DC) +
Indirect Annual Costs (IC)
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Direct Annual Costs

Utilities

Operating Labor
Maintenance

Annua Compliance Test
Catalyst Cleaning
Catalyst Replacement
Catalyst Disposal

Indirect Annual Costs

» Overhead (.60* Operating labor and
mai ntenance costs)

» Fuel Penalty

» Property Tax (1% of TCC)

* Insurance (1% of TCC)

» Administrative Charges (2% of TCC)

» Capital Recovery ((i(1+i)V(1+i)"-1)* TCC)
wherei istheinterest rate, and nisthe
equipment life
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Cost Effectiveness

» Measured in $/ton of pollutant removed

 Dividetotal annual cost by the annual tons
of pollutant removed
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RECIPROCATING INTERNAL COMBUSTION
ENGINES COST/BENEFIT ANALY SIS

Presented to:
RICE Work Group
Fort Collins, Colorado

Presented by:
Jennifer Snyder
Alpha-Gamma Technologies, Inc.

April 30, 1998

OBJECTIVES

» Estimate nationwide emissions reduction

 Estimate capital and annual costs of control
devices

» Determine cost effectiveness and emission
reduction benefits
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APPROACH

|dentify a representative set of engines
(model engines)

Estimate nationwide popul ation represented
by each model engine

Estimate emission reduction and cost of
control for each model engine

Extrapolate emission reductions and costs to
determine national impacts

MODEL ENGINE DEVELOPMENT - BIG PICTURE

1S00

SNOISSINT

Estimate Extrapolate Calculate
control costs > control costs > national
for each to engines costs
model in United States
engine
A A
h 4
Estimate number of
Model engines in United States Calculate 5| Estimate
Engines > represented by each cost . Economic
model engine effectiveness Impacts
Y
| l
Estimate Extrapolate Calculate
emission R emission - national
reduction reduction emission
for model to engines reduction
engines in United States
4
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MODEL ENGINE ASSIGNMENT PROTOCOL

DATABASE POPULATION |

TIER 1
GASOLINE DIGESTER/ NATURAL GAS PROPANE, LPG, DIESEL | | DUAL FUEL
LANDFILL GAS PROCESSGAS
\ ENGINE TYPE /
TIER 2
4 STROKE 2 STROKE
| RICH BURN | | LEANBURN | | LEANBURN |
SIZE
TIER 3
LARGE MEDIUM SMALL
OTHER FACTORS ‘/
TIER 4

TURBOCHARGER

Turbocharged

Not turbocharged

| HOURS OF OPERATION

8000

2000

MODEL ENGINES STRAWMAN

200 5

Vil - 3

ENGINE HP RANGE HOURS OF PO S¢
TYPE OPERATION TURBOC
100-1000 2000 Y
SIGF 2SLB 1000-5000 8000 Y
5000-10000 8000 Y
80-200 200,2000 Y

CILF 2SLB
200-2000 200,2000,8000 Y
20-300 2000 Y

SIGF 4SRB
300-2000 2000,8000 Y
1-20 200,2000 N

SILF 4SR B
20-200 200,2000 N
200-1000 2000 Y

SIGF 4SL B
1000-6000 2000,8000 6 Y
20-100 200,2000 Y

A1l E AQ1 R



EXTRAPOLATE NATIONWIDE
POPULATION OF ENGINES

» Determine the engine distribution within each industry
» Obtain WG expert input
* Apply distribution to total units within each industry

EXTRAPOLATE NATIONWIDE
POPULATION OF ENGINES

C #Uis #dUis Mok Mok Mo MoH Moo Mol

iNRP (B wthkroon Uit Lhit2 Unt3 Unt... Unt... Ut4
Rianeas

23 100 A WD ID 10
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NEXT STEPS

Establish teamsto refine this approach

Develop database queries to generate distributions for
parameters in the population database (e.g., Size, operating
hours, etc.)

Establish the total number of engines nationwide
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Model Engines
Strawman Proposal

Presented to:
IC Engine Work Group
April 30,1998

Presented by:
Sam Clowney, Tennessee Gas Pipeline
on behalf of the Above-the-Floor Ad Hoc Group

Above-the-Floor Ad Hoc Group
N

m Sam Clowney, Chair
Amanda Agnew
Darrell Bowen

Don Dowdall

Don Price

Ed Torres

]
]
]
]
]
m Bryan Willson
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Criteria
.

1 Does the engine characteristic affect
HAP emissions on a ton per year basis?

2 Does the engine characteristic affect
control device efficiency?

3 Does the engine characteristic affect
costs to add on controls?

Engine Characteristics
e

m Characteristics that Meet 3 Criteria:
® Subcategories (affects emissions & efficiency)

® Size (affects emissions and costs)

» Choose break points that correspond to
technological differences

@ Hours of Operation (affects emissions)
» Use 3 categories: 200, 2000, & 8000 hours

@ Presence of Turbocharger (affects costs)
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APRIL 30 RICE WG DRAFT MODEL ENGINES STRAWMAN

ENGINE HP RANGE ANNUAL TURBOCHARGED TYPICAL ENGINE FROM
TYPE HOURS OF POPULATION DATABASE
OPERATION
YES
100-1,000 2000
NO CLARK HRA
YES CLARK TLA-6
SIGF 25LB 1,000-5,000 8000
NO CLARK HBA-5
YES CLARK TCV-16
5,000-10,000 8000
NO
YES
200
NO
80-200
YES
2000
NO
YES DETROIT 8V92 TA
CILF2SLB 200
NO DETROIT 8V92N
YES DETROIT 8V92 TA
200-2,000 2000
NO DETROIT 8V92N
YES DETROIT 8V92 TA
8000
NO DETROIT 8V92N
YES CUMMINS CNGC GTA 8.3
20-300 200
NO WAUKESHA F18G
YES CUMMINS CNGC GTA 5.9
20-300 2000
NO CUMMINS CNGC G 5.9
YES CUMMINS CNGC GTA 19
SIGF 4SRB 200
NO WAUKESHA H24G
YES CUMMINS CNGC GTA 19
300-2,000 2000
NO WAUKESHA L7042G
YES CATERPILLAR 3508
8000
NO CATERPILLAR G399
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ENGINE HP RANGE ANNUAL TURBOCHARGED TYPICAL ENGINE FROM
TYPE HOURS OF POPULATION DATABASE
OPERATION
200 NO
1-20
2000 NO
SILF 4SRB
200 NO
20-200
2000 NO
YES CATERPILLAR 3412
200-1,000 2000
NO
YES CATERPILLAR 3512
SIGF 4SLB 2000
NO
1,000-6,000
YES CATERPILLAR 3512
8000
NO
YES CATERPILLAR 3304T
200
NO CATERPILLAR 3304NA
20-100
YES CATERPILLAR 3304T
2000
NO CATERPILLAR 3304NA
YES CATERPILLAR 3606T
CILF4SLB 200
NO CATERPILLAR 3606NA
YES CATERPILLAR D399
100-8,500 2000
NO CATERPILLAR D399
YES CATERPILLAR D399
8000
NO CATERPILLAR D399
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POPULATION DATABASE MODEL ENGINES STRAWMAN

ENGINE HP RANGE ANNUAL TURBOCHARGED | TYPICAL ENGINE FROM
TYPE HOURS OF POPULATION DATABASE
OPERATION
YES NONE AVAILABLE
CLARK TLA-6
100-1,000 2000 CLARK RA-6
NO AJAX DPC 720LE
AJAX DPC360LE
YES COOPER BESSEMER 10V 250
SIGF 2SLB 1,000-5,000 8000 CLARK BAG6
NO CLARK HRA-8
COOPER BESSEMER GMV 10
YES NONE AVAILABLE
CLARK BAS8
5,000-10,000 8000 CLARK HLA-8
NO CLARK TCVC-20
COOPER BESSEMER 12W330
YES NONE AVAILABLE
200
NO GM 8-268A
80-200
YES NONE AVAILABLE
2000
NO NONE AVAILABLE
YES NONE AVAILABLE
200
CILF2SLB NO DETROIT 8VO2N
YES NONE AVAILABLE
200-2,000 2000 NO DETROIT 16V71
DETROIT 8VA
YES NONE AVAILABLE
8000
NO DETROIT 16V71




ENGINE HP RANGE ANNUAL TURBOCHARGED | TYPICAL ENGINE FROM
TYPE HOURS OF POPULATION DATABASE
OPERATION
YES NONE AVAILABLE
WAUKESHA 180 GVBU
20-300 2000 NO CATERPILLAR G342
WAUKESHA VRG220
WAUKESHA 817
YES CATERPILLAR 398
SIGE 4SRB CATERPILLAR 399
2000 NO WAUKESHA 7042GS|
WAUKESHA L7042GU
300-2,000 WHITE SUPERIOR 8G825
YES CATERPILLAR G398
8000 WAUKESHA 7042GSl
NO WAUKESHA L7042GU
WHITE SUPERIOR 8G825
200 NO NONE AVAILABLE
1-20
2000 NO NONE AVAILABLE
SILF 4SRB
200 NO NONE AVAILABLE
20-200
2000 NO NONE AVAILABLE
VES CATERPILLAR 3412
CATERPILLAR D398
200-1,000 2000 WORTHINGTON UTC-166
NO CATERPILLAR 3306
CATERPILLAR 399TAA
YES CATERPILLAR 3516
SIGF 4SLB 2000 WAUKESHA 7042 GL
NO WHITE SUPERIOR 8GTL
WORTHINGTON SUTC-168
1,000-6,000 COOPER BESSEMER L SV16SG
VES INGERSOLL RAND 412KVS
8000 WHITE SUPERIOR 16SGTB
WHITE SUPERIOR 8GTL 825
NO WAUKESHA 7042GL




ENGINE HP RANGE ANNUAL TURBOCHARGED | TYPICAL ENGINE FROM
TYPE HOURS OF POPULATION DATABASE
OPERATION
YES NONE AVAILABLE
200
NO NONE AVAILABLE
20-100 YES NONE AVAILABLE
2000 CATERPILLAR 3304
NO CATERPILLAR D330A
DEUTZ F4L912
CATERPILLAR 3512
VES CATERPILLAR D349
200 CATERPILLAR D398
CATERPILLAR D399
CILF4SLB NO CUMMINS KTA-3067-GS
VES CATERPILLAR 3412
CATERPILLAR D399
2000
100-8,500 NO CATERPILLAR 3406
CATERPILLAR D353
CATERPILLAR 3412
YES CATERPILLAR 3512
CATERPILLAR 3516
8000
CATERPILLAR 3406
NO WAUKESHA 7042GL
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MEMORANDUM

To: Engines Work Group

From: Jennifer Snyder and Brahim Richani

Subject: Further Subcategorization based on Size and Usage
Date: April 30, 1998

Alpha-Gamma reviewed the HP breakdowns in further subcategorizing 4 stroke rich
burn engines. In analyzing the data given in the Population Database, for engines with data on HP
which were categorized as 4 stroke rich burn engines, the following cuts can be made in the
database.

0-250 HP  6.2% catalytic reduction
>250 HP  27.5% catalytic reduction

0-475 HP 11.2% catalytic reduction
>475 HP  29.0% catalytic reduction

0-500 HP 11.5% catalytic reduction
>500 HP  29.2% catalytic reduction

The following ranges were a so examined:

251-499 HP 22% catalytic reduction
101-250 HP 10% catalytic reduction
0-100 HP 1% catalytic reduction

The data show that the cutoff should be made at 250, rather than at 475 or 500 HP.

Alpha-Gamma has also been researching the possibility of a separate subcategory for
emergency generators. These would be potentially separated from the rest of the engines by a
branch on the subcategory tree near the top, separate from spark and compression ignition. The
following numbers were found:

(Indentions indicate levels of branches from the tree; note that emergency generators are
branched directly from the population of stationary engines, as are compression and spark
ignition. Thisis not the only way these can be branched, but for smplicity's sake, it's a good
starting point.)

Engines. 28143
Emergency Generators. 4705
Compression Ignition: 5768
Liquid Fuel: 5265
Dua Fudl: 503

Spark Ignition: 17635
Liquid Fuel: 338



Gaseous Fudl: 17303

Digester/Landfill Gas: 155
Propane, LPG, Process: 160
Natural Gas: 17014

4 Stroke Rich Burn: 1492
4 Stroke Lean Burn: 975
2 Stroke Lean Burn: 1220

The query that pulled these emergency generators included the following searches:
In the Combustor Description Field:

Like"*emrg*"
Like"*emer*" And Not Like "*bessemer*"

In the Hours of Operation Field:
<200 And Not LikeO.

Standby and peaking units were not included in the query, since these units are probably utilized
more than 200 hours per year. (peak hours of electricity use).

The proposed definitions on which industry representatives had a chance to comment
includes a definition for “emergency standby engines.” “Emergency standby engine means any
stationary internal combustion engine which operates as a mechanical or electrical power source
only when the primary power source for afacility has been rendered inoperable in an emergency
stuation.” AMSA made the only comment, to the effect that emergency engines must be
regularly exercised to ensure their operability, and that these engines must have the flexibility to
operate whenever thereis afuel or energy shortage, or when the primary power sourceis
unreliable. The original definitions were taken from the 1979 NPRM on stationary engines, ref.
44 FR43171, section 60.321.



